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Investigations  of  mustard  oil  glycosides.  IV.  Phenyl-thiourethune-d- 

glycoside.  . 

by  .Vilhelm  Schneider  and  Gcuglas  Clibben. 

Lerichte  d.  beutschen  Chcm.  Ges.  Vol  47  (1914) ,  pp  2218-2224. 

Similarly  to  the  silver  salts  of  other  t.dourethanca  (1),  phcnyl-tnioure- 
thane  silver  isolated  by  Lieberiarnn  (2)  also  reacts  with  aceto-bromo-glucose , 
forming  a  tetraucetyi-thio-urethane-glycosiue  corresponding  to  the  equation: 
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however,  upon  saponification  of  the  a  cetyl  groups’  with  barium  hydro,  due 
solution,  the  primary  product  phenyl-thiourethane-d-giyoosiue  decomposes, 
uivlcr  the  effect  of  aqueous  alkali,  (similarly  to  the  thiourethone-glycosiacs 
described  previously,)  to  phenyl-urethane  and  the  decomposition  products  of 
thioglucose. 

If  saponification  is  effected  by  means  of  alcoholic  ammonia,  a  syrupy 
reiction  product  i3  obtained  which,  in  addition  to  acetamide,  contains  only 
totally  undecomposed  phenyl-thiourcthar.c-d-glycosidc,  of  which  unequivocal 
proof  can  oc  submit tea.  In  spite  of  numerous  attempts,  wo  have  not  been  able 
to  obtain  the  glycoside  in  crystalline  form,  although  it  is  a  vary  stable 
compound  upon  complete  occlusion  of  water. 

Particular  interest  is  offered  by  the  decomposition  to  widen  phenyi-thio- 
uruthane-a-giycoside  is  subjected  by  the  influence  of  water  ana  acids.  It 
-ssu.y.cs  here,  as  it  does  in  respect  to  its  stability,  a  median  position 
between  thioure thane-giyco si des  syntnesised  to  date  on  one  liana,  and  the  natu¬ 
ral  mustard  oil  glycosides  (sirigrin,  gluco-cheirolin)  on  the  other.  '.tile 
t hioure thane-gly co si de s ,  aliphatically  substituted  in  connection  with  nitrogen, 
decompose  -no  form  urethanes  ana  thioglucose,  mustard  oil  glycosides  hive 
to  ante  yieldea  only  a  cleavage  into  glucose  on  one  r.and,  ana  mustard  oii_(or 
its  decomposition  products)  and  potassium  bisulfate  on  the  other.  Tne  hyuro- 
iysis  of  phenyl-thiour  •thane-d-giycosiae  progresses  in  two  parallel  oirectionr, 
once  likewise  with,  fornation  of  pnenylurethane  a  -' thioglucose  ir.  ti.c  snr.se  oi 
equation  I,  but.  simultaneously,  and  similarly  to  the  decomposition  of  mustard 
oil  glycoside,  accompanied  by  separation  of  sulfur  from  the.  sug-r,  resulting 
in  tiie  reconstitution  of  phenyl-thiourethane  accoraing  to  equation  II: 
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The  affinity  of  synthesized  phenj 1-tl .  iouretha : le-d-gly co s me  to  natural 
ir.ustira  oil  glycosides  is  shown  with  particular  clarity  by  its  reaction  wit 
silver  nitrate.  It  should  be  renemberea  that  mustaro  oil  giycosiacs,  upon 
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treatment  with  this  reagent,  yield  mustard  oil  silver  sulfates  in  addition 
to  glucose  (3),  a  process  formulated  by  Gadamer  in  the  following  i.-unner: 
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Phenyl-thiourethane-d-glycoside,  upon  identical  treatment,  yielas  the 
silver  salt  of  thioglucose  on  one  hand,  which  immediately  separates  from  the 
alcoholic-aqueous  reaction  solution  accompanied  by  the  liberation  of  free 
nitric  acid,  but  it  also  reconstitutes  phenyl-thiourethane  silver,  w.iich  na¬ 
turally  separates  only  after  neutralization  of  the  nitric  acid  by  an  excess 
of  ammonia.  The  reformation  of  phenyl-thioure thane-si Iver  must  be  reguraeu 
as  being  parallel  to  the  formation  of  mustard  oil  silver  sulfates.,  with  the 
exception  that  the  latter,  due  to  the  acid  nature  of  the  sulf'nydryi  group  in 
the  hypothetical  acids  on  which  they  are  based. 
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may  alrea^ly  form  in  the  acid  solution. 

The  assumption  that  the  constitution  of  natural  mustard  oil  glycosmos 
in  the  sense  of  Gadamer ’s  sinigrin  formula  un>y  be  ueriveu  from  a  hypothetical 
imino-thicl -carbonic  acid,  receives  considerable  support  from  the  present  in¬ 
vestigation.  The  stability  of  glycosides  of  this  type  as  well  as  the  mode  of 
their  hydrolytic  decomposition  seems  to  be  in  close  correlation  with  the  more 
or  less  acid  character  of  the  substi  cutes  which,  in  addition  to  tuc  sugar 
molecule,  are  attached  to  the  imino- nhiol-carbonic  acid  complex. 

Experimental  part. 

Tet raacetyl-phenyl-thioure  lhane-d-glyco  sio  e , 
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The  silver  salt  necessary  for  the  synthesis  of  tais  compound  '..as  prouucca 
according  to  Lieberraann1  a  (4)  instructions.  It  differs  from  i he  silver  salts 
of  other  thiourethanes  by  its  poor  solubility  in  chloroform,  e'en  at  the 
lit t^r’s  boiling  point.  It  dissolves  easily  in  higher-boiling  halogen  hydro¬ 
carbons,  such  as  bromobenzene  and  tetrachloroacetyls,  from  wnich  it  separates 
in  small  needles  upon  cooling,  which  melt  at  206° C  (uncorrected)  accompanied 
by  decomposition.  The  compound  also  dissolves  to  some  extent  in  boiling  ben¬ 
zene,  rather  easily  in  boiling  toluene,  very  easily  in  boiling  xylene.  It  is 
insoluble  in  alcohol,  ether  and  water. 

20  g  phenyl-thiourethane  silver  were  dissolved  in  2G0  com  boiling  .yi ,:x 
and  mixed  with  a  hot  solution  of  28.6  g  beta-ace to-brumo-gl d'ju;  in  IC-G  com 
xylene .  after  about  3/4  of  an  hour  of  boiling  on  the  oil  b -th  she  hot  solu¬ 
tion  was  separated  from  the  precipitated  silver  bromine  by  filtration.  Jnon 
cooling,  tetraacetyl-phenyl-thiourethane-d-ulycaeiae  fell  out  directly  in  the 
fora  of  colorless  crystals,  which  were  drawn  off  by  suction  ana  washed  vita 
alcohol.  The  yield  amounted  to  22  g  acetylglycoside  with  a  melting  point  of 
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153°C,  corrosponding  to  62^  of  the  theory. 

The  pure  compound,  recryatallized  from  hot  alcohol,  molts  sharply  at 
1/;°C  (uncorrected) .  It  is  insoluble  in  water,  also  in  cold  ligroin,  benccne, 
toluene,  xylene  ana  alcohol,  but  dissolves  easily  in  ether,  chloroform  and  in 
iiot  alcohol  and  .xylene,  Reactions  with  alkaline  lead  solution  anu  .•ehling’ s 
solution  are  the  same  a3  those  of  other  accty 1-th iour ethane-glycosides  (5) 
described  heretofore. 
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Tne  optical  determination  was  so.de  with  the  solution  in  acetylene  tetra¬ 
chloride. 

For  sodium  light,  alpha  at  15°C  equals  -0,22°  (2  am  tube,  concentration 
^•4650).  -1  v 

Therefore  c«.  -  -  --  2  . 


Saponification  of 

tetraacctyl-phenyl-thiouretnar.e-d-glycoside . 

a)  ..'ith  baryta  water:  The  effect  of  baryta  water  alone  on  tetra-.catyi- 
glycosiae  is  extraordinarily  slow;  it  is  speeded  up  somewhat  by  the  addition 
cf  a  little  alcohol  to  the  suspension  of  the  acctvlglycosiue.  p  g  of  acetyl 
compound  were  shaken  for  2  days  with  a  solution  of  16  g  crystallised  b- riven 
hydroxide  in  200  cem  water  ana  100  ccra  alcohol.  T'he  resulting  clear  solution 
was  separated  from  excess  baryta  by  u<  airs  of  carconic  acid  an--  concentrated 


under  reduced  pressure  at  30°C.  ..l'ter  removal  of  alcohol  by  di stiil-t ion,  a 
browr.  oil,  soluble  in  ether,  was  obtained.  The  ethereal  solution,  after 
evaporation,  yielded  0.7  fi  of  d  dark  oil,  which  set  in  crystalline  form  after 
standing  for  several  a*ys.  ino  crystals  were  recrystalxazeu  from  xow  GGa.xa.ng 
ligroin.  Tney  were  free  of  sulfur  arid  melted  sharply  at  52° g  (uiacorructud) , 
therefore  consisted  of  phenyl -urethane .  Tr.e  aqueous  moti.er  liquor  of  Saponi¬ 
fication,  extracted  with  ether,  developed  hydrogen  sulfiue  u  ,on  acidification, 
which  evidently  had  formed  by  decomposition  of  primary  ti.iogluco  so  wi  vfl  ul  a.  f  v-i  1.1  « 

b)  with  alcoholic  ammonia .  5  g  ace tylgly co sid  «  wore  dissolved  in  d GO  com 

hot  absolute  alcohol.  The  solution,  after  cooling  to  C°C,  was  saturated  with 
ury  a  ....onia  gas  under  occlusion  of  moisture.  The  acety lglyco side  which  had 
irilidliy  separated  in  fir.e-cr  etui  line  form  oaring  coaling,  now  oissoxvcx  in 
a  clear  solution  within  a  few  hours,  aided  by  occasional  agitation.  Thu  so¬ 
lution  now  rested  for  2  days  at  room  temperature,  then  'was  freed  of  dissolved 
a.  .  :onia  at  the  vacuum  pump.  .Subsequent  to  evapor  .tion  of  tr.e  alcohol  ur.aer 
low  pressure,  a  syrupy  residue  was  obtained,  which  could  nut  be  transformed 
into  a  crystalline  product  by  any  method.  The  non-alcoholic  syrup  is  insoluble 
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in  ethor,  but  is  very  easily  dissolved  with  a  little  alcohol.  In  this  con¬ 
centrated  alcoholic  solution,  however,  even  a  large  admixture  of  other  c.ua.ot 
cause  significant  separata. on.  The  syrup  dissolves  easily  in  water,  ana  quite 
clearly,  if  it  is  freshly  produced  or  storeu  under  strict  exclusion  of  humi¬ 
dity.  This  shows  that  the  syrup  contains,  in  addition  to  acetamide,  only 
totally  undecomposed  phenyl-thiuurethane-a-glycocide,  since  otherwise  water- 
insoluble  decomposition  products  would  be  visible.  Thu  syrup  proveu  to  be 
dextrorotatory  in  the  polarization  apparatus. 

iydro lysis  of 

phenyl-thiourethane-d-glyco  side . 

The  clear  nqu'' '■")««  solution  of  the  syrupy  acet.uiide-glycoside  mixture 
gradually  becomes  turoid  upon  standing  at  room  tciuuc.  a bare,  ouu  oonosxts  an 
oily  emulsion  which  settles  after  a  few  hours,  after  a  longer  perioci.  of 
standing,  3mill  amounts  of  phenyl-thiourcthane  with  a  molting  point  of  ?2°C 
(uncorrected)  crystallize  from  the  aqueous  solution  above  the  oil.  ,s  the 
following  test  will  prove,  the  oil  consists  of  phenyl-urethane,  whose  crystal¬ 
lization  is  prevented  by  the  admixture  of  a  little  thiourethane. 

The  syrupy  saponification  product  from  5  g  tetraacetyl -phony  .Ithiourcthar.c- 
d-glycoside  was  dissolved  in  100  cem  water  and  allowed  to  stand  at  too;;;  tc...p- 
ecaturo  for  2  days.  The  oily  deposit  wa  ••  absorbed  in  ether  togetner  '..it.-,  trie 
crystalline  sediment,  after  evaporation.,  the  ether  yielded  about  1.5  g  of 
an  oily  residue  that  was  dissolved  ir.  a  out  100  ccm  of  80,1  alcohol.  By  the 
addition  of  a  sufficient  amo'int  of  ammonia  cal  silver  solution,  phenyl-thio- 
urethane  was  separated  as  silver  salt  which  grauuully  crystullizea  in  the 
form  of  needles.  It  melted  at  206°C  (uncorrected)  ana  amountcu  to  a. 3  d, 
corresponding  to  about  0.16  g  phenylt'niourethane .  The  alcoholic  mother  liquor 
was  freed  of  alcoholic  content  under  reduced  pressure,  the  residue  was  ab¬ 
sorbed  with  ether,  dried,  and  isolated  by  separation  from  ether.  Thus  about 
1.3  S  of  an  oil  were  obtained  which  rapidly  solidified  in  crystalline  for;;, 
after  inoculation  with  a  crystal  of  pheny  lure  thane.  The  crystalline  muss  vras 
rociystallized  from  petroleum  ether  ana  the  con[>ound  identified  by  its 
melting  point  as  phenyl-ure thane .  In  the  original  aqueous  glycosiue  solution, 
freed  with  ether  of  urethane  and  thiourethane,  the  presence  of  t,.iogiucos«  as 
the  cleavage  product  corresponding  to  phenyl-urethane  could  be  proveu  by  t.-.e 
addition  of  aiiunoniacai.  silver  solution  anc  much  alcohol,  the  silver  sail  of 
which  was  separated  in  this  manner  in  the  characteristic,  amorphous,  yellow, 
easily  water-soluble  flakes. 

Upon  boiling  with  diluted  acids  the  hydro lysis  of  phenyl-thiourethune-d- 
glycosiue  progresses  similarly,  but  much  faster,  however,  >;}  .enyl-tnaour  c  v .  *u. .  c 
3cems  to  be  produced  in  preponderant  amounts,  since  the  obtained  water-!.. ;so Tub 
oil  solidified  rapidly  into  crystals  during  cooling,  which  melted  oirociiy  uc 
70-71°C.  The  direction  in  which  phenyl-thiourethane-d-glyco side  is  pr-.uo..d- 
nantly  split  during  hydrolysis,  apparently  depends  on  the  aeactiun  of  i‘^s 
aqueous  solution.  In  alkaline  solution  (see  baryta  saponification)  only 
phony lurethane  wa3  observed  as  sugar-free  cleavage  product.  In  aqueous  solu¬ 
tion  urethane  and  thiourethane  are  obtained  simultaneously;  in  acid  solution, 
primarily  phenyl-thiourethane  (6). 

«\ 


oo 


,1  0<r  ^  r)  • 


Lu  jcuhvf  I 

i  (wn X  *. 


The  enzyme  nyroain,  which  splits  mustard  oil  glycosides,  si gniiicuntly 
has  no  noticeable  effect  on  phenyl-tiiiourcthanc-d-glycoside.  In  two  parallel 
tests,  in  which  equal  quantities  of  glycoside  were  subjected  to  aqueous  hydro - 
lysis  under  otherwise  identical  conditions,  once  without,  once  with  uluixturo 
of  myrosin  solution,  the  amounts  of  oily  decomposition  products  extracted  from 
time  to  time  with  ether,  were  quantitatively  equal. 

deactre;;  of 

phoiiyi-tniourcthane-d-glycoside 
with  silver  nitrate. 

The  saponification  product  of  tetraacctyl-phenyl-thiouret.iane-d-glycoside 
was  disccl’-cd  in  ICO  com  of  80?.’  alcohol  and  mixed  with  16  ecu  silver  nitrate 
solution  (1:10).  after  a  short  time  thioglucosc  silver  jopa ir.  the  form 
of  an  amorphous,  brown  powder.  The  solution'  was  stored  in  the  rofrl.gerv.tur 
for  U  hours  to  complete  the  reaction.  Subsequently  the  separated  powder  Was 
drawn  off  by  suction  through  a  layer  of  siliceous  earth  and  decor, iposcd  by 
introduction  of  hydrogen  sulfide,  after  filtration  from  the  silver  sulfiae 
precipitate,  a  colorless,  aqueous  solution  was  obtained,  which  was  completely 
freed  of  dissolved  hydrogen  sulfide  at  the  vacuum  pump,  after  the  addition 
of  3  ccro  of  an  amxoniacal  silver  nitrate  solution  (1:10),  thioglucuse  silver 
sep  .rated  in  purified  form.  It  formed  snow-white,  amorphous  flaxes  wr.icii 
during  sedimentation  turned  slightly  yellowish.  The  remaining  liquid  was 
poured  off,  the  precipitate  was  again  decanted  with  100  cc.v.  80, j  alcohol  and 
finally  drown  off  by  suction.  The  preparation  was  first  uriea  for  one  day  in 
vacuo  over  phosphorous  pentoxice,  then  to  constant  weight  at  the  temperature 
of  chloroform  vapor.  The  yield  amounted  to  0.46  g.  Tnc  siiver-tniogiucose 
thus  obtained  represented  a  weal-: ly  yellowish,  amorphous,  verj  stable  powder, 
which  even  withstood  extended  heating  at  100°C  (water  steam)  without  apparent 
change.  ..hen  heated  in  the  melting  point  apparatus,  it  gradually  turned  brown 
at  above  10GUC  ana  melted  at  about  165°C  after  tuning  black.  It  could  ba 
demonstrated  that  tne  increased  stability  of  this  preparation  »s  compared  to 
previously  described  ones  (7)  is  attributable  to  the  circumstance  that  an 
excess  of  silver  solution  had  been  avoided  in  the  precipitation  of  thio^-ueojc ; 
or.  the  contrary,  too  little  silver  had  been  usc-a.  _vcu  in  aqueous  solution 
this  preparation  was  quite  stable,  it  even  withstood  short  coiling,  w..*rcb„ 
more  intensive  yellowing  only  developed  very  slowly,  however,  a  trace  of 
excessive  sliver  salt  soautioix  Caused  rapid  aecoiuposution  ever,  at  roo...  tempera— 
ture,  accompatded  by  blackening,  of  the  aqueous  solution  of  tnioglucose-siiver, 
as  well  as  of  the  flukey  suspension  freshly  precipitated  therefrom  with  alcohol. 
Vac  preparation  was  entirely  free  of  nitrogen;  nevertheless  the  silver  content 
was  found  to  be  about  2/j  too  low,  similarly  to  previous  experience,  w..iie  tne 
sulfur  content  agreed  well  with  the  formula  for  thiugiucose  silver.  '..It 
result  probably  c*n  be  explained  .most  simply  by  saying  tiut  the  silver  com¬ 
pound  rau  adsorbed  ana  carried  over  a  small  quantity  of  thioglucose  (or  so...o 
disulfide  resulting  therefrom). 
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The  original,  silver  ni  t  r  u  t  e  -  co  n  t  oi nin g  reaction  fixture,  fiiterou  off 
from  erode  thiogluoose  silver,  was  mixed  with  an  exc  ost;  of  u;.Mi5Giii^i .  juou 
copious  quantities  of  phcnyl-thiouruthane  silver  crystals  separated  out,  wnich 
wore  identified  by  their  solubility  and  malting  point.  Hence  it  follows  that, 
in  the  presence  of  silver  nitrate,  the  decomposition  of  phenyi-thiouretdano- 
d-glycoside  takes  place  in  both  of  two  possible  directions. 
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